He then proceeded to compare the 1838-41 mortalities of the thirty Metropolitan districts with their population densities per square mile, and deduced his well-known relation of mortality to the sixth root of the density.
In the Sixteenth Report of the Registrar-General for 1853, Farr adopted another method of demonstrating the association of mortality with population density, which was repeated in the Supplements to the Twenty-fifth and Thirty-fifth Reports [5] . This consisted in sorting the districts of England and Wales into groups having a mean annual mortality rate per 1,000 during the decade of 15, 16, 17 and so on, finding the average population density per square mile in each group of districts and showing that it increased with each upward step in the death-rate. A curve drawn through these mean densities gives a sort of regression curve of density upon mortality, but it really does not tell us what was the nature of the converse dependence of mortality on density, which could only be ascertained by grouping the districts according to their densities and finding the mean mortality rate for each group. The conclusion to be drawn from the calculation in the Supplement to the Thirty-fifth Report is not that mean mortality varied as the eighth root of the density, as sometimes stated, but that mean density varied as the eighth power of the mortality, which is not necessarily the same thing. Unless two variables are highly correlated the two regression lines may be widely divergent and may be of different form, and though we are not strictly dealing with regression lines here, we are approximating to them.
In order to compare the relation of child mortality to density per acre at a period before the Public Health Act with that at the present time, I have re-sorted the 593 districts excluding London, which Farr used, according to their densities, and then calculated the mean annual death-rates at ages under 5, and also at all ages, in 1861-70, for groups with density, in persons per acre, under 1, 1 and under 2, 2 and under 3, and so on. The result is shown in Table I , and a few moments' work with logarithms shows that if mortality at all ages be supposed to increase as the nth root of the density, this inverse arrangement of the data leads to a value near to n = 14, instead of n = 8, as suggested by the other arrangement. The same table shows the mean death-rates at ages under 5 in 1930-32 obtained when the separate county aggregates of urban and of rural districts, and separate county boroughs, are grouped according to their population density in 1931, omitting London as in the data for 1861-70. At densities under 1 per acre, into which category fall most of the rural aggregates, the present rate is 29 per cent. of what it was before the Public Health Act, at 1-3 per acre it is 23 per cent., at 3-5 per acre 24 per cent., at 5-10 per acre only 20 per cent., at 10-20 per acre 22 per cent., and at over 20 per acre 27 per cent., that is to say the relative improvement has been greatest at 5-10 per acre. comprising the present urban districts in the main. It is rather surprising to find that the ratio of mortality at the high densities to that at the low densities remains almost unchanged, but there has been in progress a levelling out of mortality risks at all densities under about 10 per acre. Thus, the child mortality rate at 0-5 per acre is now 17 0, and at 5-10 per acre 16 9, which shows that crowding of houses together up to an average density of 10 people living per acre has now no apparent eftect on the mortality of children, but at average densities over 20, that is, in most of the present county boroughs, the relative excess in mortality is as evident as it was 65 years ago, improvement having proceeded at the same rate at the two extremes.
Farr himself foresaw such changes when he wrote in the Supplement to the Twenty-fifth Report of the Registrar-General: there can be no doubt that mere proximity of the dwellings of the people does not necessarily involve a high rate of mortality . . . the evils which now make dense districts so fatal may be mitigated. Indeed some of the dense districts of cities are in the present day comparatively salubrious." When Dr. Ogle repeated, in the Forty-fifth Report, the analysis of densities per acre when districts were grouped according to their mean mortality in 1871-80, he noticed a change in the run of the figures, for at the lower rates of mortality there was no consistent change of density with death-rate, but this was partly due to differences in age of the populations concerned, for Dr. Tatham showed in the Supplements for the next two decades [6] that if standardized rates were employed, the relation with density became evident throughout the range.
INTER-RELATION OF URBANIZATION AND GEOGRAPHICAL POSITION WITH DENSITY OF OCCUPATION OF HOUSES.
With the classification of local areas, for purposes of vital statistics, into the categories county boroughs, other urban districts, and rural districts, the density factor has become a commonplace in its reaction on death-rates, but I am not sure that there has been any real understanding of it or as to whether we are overcoming its effects. Are we in a position to improve very greatly on Farr's conception of 90 years ago as to how the association arises ? C'an we say, for example, after these 95 years of national vital statistics whether, given the same conditions of urbanization, housing and occupation, a person would have any poorer expectation of life if residing in the North of England than in the South West ? Or can we say which is the more important in its effect on the risk of death, the number of houses crowded in an acre or the number of people crowded in a house?
We have become accustomed to read year by year that the mortality risk increases as we move northwards in each class of area, and the natural suggestion is that this is due to colder climate, more smoke, more occupations and industries which are dangerous to health, or to a combination of all these. It is a significant fact, however, that if we divide up Great Britain into successive zones of latitude bounded by 50°N., 51°N., 520 N., and so on, omitting London, then as we 1130 Proceedings of the Royal Society of Medicine 50 move northwards there is a progressive increase in the mean density per room for the population living in those zones until we reach the zone 55-566, the Scottish industrial area, where the density has reached a level 86 per cent. higher than in the southernmost zone. This is shown in Table II . The density per acre, on the other hand, has its highest value when we reach the zone 53-540, which includes the industrial area of Lancashire and Yorkshire, and then steadily declines on passing further north. The mean densities for England and Wales, including London, and for Scotland, are also shown separately and are depicted in Figure 1 . The inclusion of London in the zone 51-52°naturally produces irregularities in the progression for MEAN Figure 1 by the fine dotted line for density per room.
In Table III rates per room and per acre are also shown as percentages of the rates for the whole country. It is clear that the behaviour of the mortality rate as we pass north bears a much closer resemblance to the trend of average density per room than to the trend of density per acre. There is, in fact, a remarkable similarity between the first two, the mortality index rising from 82 at 50-51°to 144 at 55-56°and then falling, whilst the room density index rises from 86 at 50-51°t o 160 at 55-56°and then falls. In Table IV the mortality rates of children and persons over 65 are shown for the three zones-510-, 520-, and 530separately, when the areas in these zones are classified according to their mean density per room, and the corresponding rates are given for all England and Wales. It is seen that the relative increase of mortality as the rate of crowding increases is almost as great within each zone as it is for the whole country taken together. These figures suggest the possibility that the well-known north to south gradation of mortality rates, which still persists when rural areas, small towns or large towns are dealt with separately, may arise from the gradation of overcrowding within the house and all which that implies or carries with it in social well-being, and that the climatic differences between the various latitude zones may in reality have little effect on mortality. In Figure 2 the average number of persons per room is shown for the three classes of area separately within each zone of latitude in England and Wales, the rates being given in Table II . The mean density of occupation at a given latitude is only very slightly greater for the small towns than for the rural districts, and even for the county boroughs it is only greater by about 10 or 15%.
In the same diagram the densities per room are shown for groups of areas of defined mean density per acre, and it is evident that, with such a grouping of all classes of area together, density of occupation does not appreciably increase until the density per acre exceeds 30, which is a density only found in the larger towns. The coefficient of correlation obtained when the county aggregates and county boroughs of England and Wales, without London, are distributed according 1132 Proceedings of the Royal Society of Medicine 52 to both measures of mean density is r = 0368, showing a lower degree of association between the two measures than might have been anticipated. These considerations make it clear, at least, that the relations of mortality with latitude, and to a slighter degree with urbanization, are so bound up with the wide differences in the degrees of crowding of the populations within their houses that some attempt needs to be made to disentangle the three factors and determine which has the most important association with mortality. Before proceeding to that problem a few words must be said about the emergence of the idea that density of occupation of rooms or houses has an important association with the risk of dying.
MORTALITY AND DENSITY OF OCCUPATION OF HOUSES. Although Farr had no statistical data of the density of occupation of houses, there is a sentence in his letter to the Registrar-General in the fifth report [4b], which shows that he was alive to the fact that in rural districts overcrowding within the four walls of the house might be as bad as in urban areas, for he wrotethe country is exposed as well as the town population to the influence of the deleterious gases in the close chambers of small cottages." /VEAN CROWDINGi PER ROOM ACCORDING TO URBANIZATION AND LATITUDE, 1931. In the same letter occurs a remarkable passage [4c] which makes one wonder whether the problems we have to solve to-day are really as different from those of ninety years ago as we like to think. "The mortality of crowded rooms," wrote Farr, " if carefully investigated, would no doubt be found to be in a certain inverse relation to the space, a death marking every. degree of concentration of the expired atmosphere. The families of many artisans who get good wages lodge in a single small room, the rent of which is equal to that -of a cottage in the country. This is a miscalculation on their part; on coming from the country they get in town higher wages, and could afford to pay for more expensive lodgings, but finding they can live in one room, do so . . . they are only reminded of the want of room and pure air by a slight present uneasiness and discomfort. As they do not trace to their causes the deaths of their children, and disabling, dangerous attacks of sickness, they are led to look upon these events as inevitable."
The next reference to overcrowding as a factor affecting mortality which I have noticed in the Registrar-General's Reports, though my search has not been exhaustive, is in the supplement to the Sixty-fifth Report [7] , relating to the decade 1891-1900, in which Dr. Tatham referred to data furnished to the Committee on Physical Deterioration by Sir Shirley Murphy, from which it appeared that in
Section of Epidemiology and State Medicine 1133
London districts with less than 10% of the population living in overcrowded tenements the infant death-rate averaged 142 per 1,000 births, and as the proportion overcrowded increased the infant mortality also rose, attaining 223 per 1,000 when the highest degrees of crowding were reached. More than thirty years before that, in 1869, Dr. Gairdner, Medical Officer of Health of Glasgow, had recorded his view [8] that the high death-rates in Glasgow and Greenock were mainly due to overcrowding, squalor and physical degradation which were in their turn the " direct results of permitting generation after generation to be brought up in houses of the worst construction, in which morality, decency and cleanliness are alike impossible." As a result, in the decade 1871-80, deaths in Glasgow were analysed by division of the city into twenty-four districts in which the average density of persons per room was found to range from 1 25 to 2 * 95, and it was ascertained that the crude death-rate, infant mortality rate and death-rates from phthisis and acute lung diseases increased as the mean density per room increased. This was followed by special studies at the periods around the 1901, 1911 and 1921 censuses in Glasgow on the relation between the number of apartments in houses and the death-rates to which the occupants were subject, and the results of those studies were given to this Society in two papers by Dr. A. K. Chalmers in 1912-13 and 1925-26 [9] . These and other researches to which time will not allow me to refer have established the fact that within a given town the risk of dying at any age, and particularly in early childhood, is greater to occupants of the more crowded houses than to occupants of the less crowded, but this has been variously attributed to the direct effects of the crowding, to the unfavourable industrial conditions supposed to be associated with greater crowding, to the poverty of which it is often a symptom, or to the gravitation of the less fit into unsatisfactory conditions of housing either by choice or economic compulsion.
With all this uncertainty as to which is cause and which is effect, it is not surprising that the advantages predicted from housing improvement per se have tanged from the most optimistic to the most pessimistic. Even in 1841 there were pessimists, for Farr wrote in the Fifth Report of the Registrar-General [4d]:
The objection to these measures is that 'you take down the dwellings of the poor. build houses in their places for which the middle classes only can pay, and thus by diminishing the amount of cheap house accommodation increase the rents and aggravate the evil which you attempt to cure.' . . ."
MORTALITY IN 1930-32 ACCORDING TO LATITUDE, DENSITY PER ROOM AND PER ACRE.
The method used in this analysis has been to enter first on a separate card for each county aggregate of rural districts, each county aggregate of urban districts, each county borough and Metropolitan borough of England and Wales, the total births in 1930-32, the total deaths at ages under 1, 1-5, 5-15, and ages 65 and over, the total deaths of females at ages 15-25, 25-45 and 45-65, the deaths from certain selected causes at certain ages, the total notified cases of certain diseases, and the mean populations in the triennium at the required ages. The cards were then sorted according to the three variables, latitude 1 and the two measures of density at 1931 census, and the deaths and populations of all the areas falling into a given cell formed by the three-dimensional scale were totalled, giving the mean annual mortality rate for areas in the specified zone and having the specified average conditions of density per acre and per room. Women were taken at ages 15-65 in preference to men as being less influenced by the occupation factor and more affected by overcrowding in the home.
The first problem was to determine how the change in death-rates on passing northwards was affected by correcting for both the density factors. This was done by dividing up the population in a given zone of latitude according to the twofold scale of density, applying to each part of it the death-rate in all England and Wales for the corresponding density values, thus finding the expected deaths in the zone if the populations within it living at different average densities per acre and per room were subject to the mortality experienced by the aggregate of all the populations in England and Wales living at those average densities. The total of registered deaths in the zone was then expressed as a percentage of this total of expected deaths.'
The results are shown in Table V and in Figures 3 to 6 , and the conclusions to be drawn are as follows: 1 It has been shown repeatedly that mortality increases with urbanization within each region of the country, and analysis of separate zones according to room density, of which a sample is given in Table IV , proves that it also increases with crowding within each zone to muich the same extent as in the country as a whole. This method of correction is therefore justifiable, though it leads to some overcorrection at the north end of the curves. It should be noted that a horizontal corrected curve of mortality on latituide does not prove that latitude is not a factor involved, but only that the density factors alone would suffice to explain the change of mortality with latitude. Proceedings of the Royal Society of Medicine (i) Infant mortality, uncorrected, increased from 80% of the national rate in the southernmost zone to 125% at 540-, the Durham zone, and 135 at 55°-, combining the Scottish zone with a small portion of Northumberland at this level. It then declined to 115% in North Scotland. The densities per room in some of the Scottish industrial counties being larger than any values for English units of area, it was not possible to calculate the expected deaths in that zone unless by some process of extrapolation of the rates in Table VIII , but it was found that by any such process of correction the values 135, 126 for 550and 560would be reduced below 100. The range of corrected ratios was, therefore. from 93-94 in the South to 102-106 in the industrial North and the effect of latitude in itself on the infant mortality rate cannot be very important ( Figure 3 ).
(ii) Mortality, uncorrected, of children aged 1-5, increased from 73% of the national rate in the southernmost zonie to 155 at 55°-combining the Scottish zone with the small portion of England, but the effect of correction for density and crowding was to reduce the northward increase to something quite moderate, the rates ranging from 93 at 510to 108% at 530-. The high rate at 55°was again reduced below 100 if the expected deaths at the high densities per room were estimated by a process of extrapolation, as mentioned above for infant mortality (Figure 3 ).
(iii) Mortality of children aged 5-15 also showed only slight variation with latitude after correction, the range being from 93 to 106% of the expected rates.
(iv) Mortality of women aged 15-25, 25-45, and 45-65, and of persons over 65, showed no appreciable relation to latitude after correction.
(v) Infant mortality from congenital causes varied very slightly with latitude, not diverging for any zone by more than 5% from the expected value. Infant mortality from all other causes increased from 88% of the expected rate in the southernmost zone to 107% at 53°-, the Lancashire and Yorkshire industrial area, and then declined to 84% in the northernmost zone of England (Figure 3 ).
(vi) Mortality of children under 5 from bronchitis and pneumonia combined increased from 77% of that expected in the southernmost zone to 110 at 530-, but then declined to 96% in the northernmost zone of England. For whooping-cough the ratio was highest in the central zones, 520and 530-.
(vii) Mortality of young women aged 15-25 and 25-45 from phthisis showed, after correction, no tendency to increase northwards, nor did that of young women from causes other than phthisis ( Figure 6 ).
(viii) Mortality from puerperal sepsis, uncorrected, increased from 84% of the national rate in the southernmost zone to about 140 at 550and 560-. After correction for density and crowding the rate still tended to increase slightly from south to north, the high rate at 510being due to London, which forms an exception. Notified incidence of puerperal fever and pyrexia, uncorrected, showed the reverse tendency to decline from south to north, but this became unimportant after correction (Figure 4 ).
The broad conclusion is that it is not necessary to suppose that at ages over 5 mortality from all causes combined is appreciably affected by climatic differences dependent upon latitude, within the limits of England and Wales, and probably of Great Britain. The same is true of phthisis in young women and infant mortality from congenital causes. The mortality of young children under 5 from respiratory disease shows an increase in passing from the south coast to the industrial north of England amounting to 42% even after allowance has been made for the effects of the increasing density and crowding per room, but there is a decline on passing further north. The similar, though slighter, charnges in infant mortality from causes not congenital may be presumed to be also due to the respiratory diseases which form the bulk of these deaths. Whooping-cough mortality behaved similarly. 56 1136 57
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It is rather a surprising feature of our climatic conditions that the average number of hours of sunshine recorded in the year at stations in the eastern half of the United Kingdom decreases as we pass northwards from the south coast until latitude zone 530is reached, but after that the average gradually increases again. This was true at least for the mean annual sunshine in 1930-32, as I have shown in Table VI . The averages have been obtained by sorting 173 recording stations, for which all three years records were available into the latitude zones, and also dividing England and Wales into east and west halves along the line of longitude 20 W., and Scotland into east and west halves aloing the line of longitude 40 W., totalling the hours of sunshine in the three years as given in the returns of the Meteorological Office, and dividing by three times the number of stations included. The result is depicted in Figure 7 . The curve for the eastern half is an inversion of the corrected mortality curve for bronchitis and pneumonia at ages under 5 in the same years ( Figure 4 ). For the western half the decline continues to 560-, but in the 540zone the great bulk of the population is in the eastern part. In some of the divisions the number of stations is small, and they may have exceptional situations. It would also be better to make use of more years than three, but the curves show clearly the advantage which is claimed for the east, except at 530-, where we see, I think, the effect on sunshine records of the smoke blanket, which, as any motorist who travels frequently up the Great North Road knows, blows over this part of England from the industrial towns to the west. When the county boroughs are averaged separately they show a mean deficiency from other stations of fourteen hours at 500-, seventy-one at 51°-, eighty-three at 520-, one hundred and thirty-six at 530-, and seventeen at 540-, which gives, no doubt, a rough measure of the smoke effect.
I have made this digression about sunshine because, although I admit that, strictly speaking, it proves nothing, I believe myself that Tables V and VI, in conjunction, are just a statistical demonstration of a statement by Professor Haven Emnerson of Columbia in a recent paper [10] on "Sunlight and Health," from which I take the liberty of condensing an extract:-" Insufficient sunshine . . . is responsible for one clearly defined clinical entity, rickets. . . . Nothing is plainer in the morbidity and mortality experience of our 1138 Proceedings of the Royal Society of Medicine 58 northern cities than that the presence of rickets contributes heavily to sickness and death from bronchitis and pneumonia in young children, to lowered resistance to measles, whooping cough and tuberculosis, and more remotely to maternal deaths from difficult instrumental or operative deliveries." Apart from these special effects of diminished sunshine on children, I am not convinced that there is any real evidence that the differences in average mortality experience between different parts of Great Britain have anything to do with climate.
The next problem was to determine whether now, with improved sanitation of towns, the crowding of people within their houses has assumed a greater importance in its association with mortality than the crowding of their houses together. In Table VII London (including West and East Ham), and England and Wales without London, have been divided up as explained above on a scale-of mean density per acre and the death-rates expressed as percentages of the corresponding rates for all England and Wales. The mortality in each density group room and their populations subjected to the combined rate for all areas of England and Wales having the appropriate density per room. In other words, the rate for each group is corrected for the effect of differing distribution according to mean destiny per room of the populations which combiner to form the group.
In Table VIII mortality has been classified in precisely the converse manner on a scale of mean density of persons per room in the area, correcting for differences in urbanization as measured by density per acre.
The results set out on Tables VII and VIII are depicted in Figures 8 to 20 . These diagrams have been so drawn that the standard deviations of persons per room and per acre for the unit areas of England and Wales, excluding London, occupy approximately the same horizontal length, and hence the relative importance of the two factors in relation to mortality is graphically indicated by the relative slopes of the two corrected curves, which are represented by the unbroken lines in Figures 8  to 20 .
The conclusions to be drawn seem to be as follows:
(1) London mortality is uniformly lower than that of the rest of England and Wales when districts of the same density per acre are compared, and this is also Section of Epidemiology and State Medicine 1141 true, tbough the advantage is not so great, when districts of the same density per room are compared. The only exceptions are at a few age-groups in the least densely populated or housed parts of London. Table IX shows the percentage ratios of London mortality to that in the rest of England and Wales at various densities and ages. At ages under 5 the advantage of London must derive partly from its southern situation with consequent greater amount of annual sunshine, as indicated by the remarkably low comparative rates in Table VIII for bronchitis and pneumonia at the higher densities. Table II. MORTALITY AT AGiES 1-5, ALL CAUSES. At ages over 5, although the climatic factor would seem to be unimportant, yet for some reason London has in general at ages 5-45 an advantage amounting to one-fifth to one-third over other parts of the country of the same densities per acre or per room. At ages over 45 the advantage becomes less. It is because of this, to me, inexplicable advantage of London, that I have dealt with it separately throughout. Is the greater triumph over environment by people living in the Metropolis due to selective migration of the healthiest young adults into London, to a greater immunity against certain diseases afforded by living in the middle of a vast herd, to better protection from the rigours of winter afforded by the amenities of London, to better facilities for medical treatment, to more advanced public health, or to all of these ? I do not know, but it is a question which, it seems to me, our statistical records ought to be able to answer, if only one had the necessary clerical assistance to analyse them exhaustively, cause by cause, age by age, occupation by occupation, and social class by social class.
(ii) A study of the London curves, which are simple percentage ratios to the death-rates in the whole country, and are denoted by (a) in Figures 8-19 Proceedings of the Royal Society of Medicine 62 in the Metropolitan Boroughs infant mortality from congenital causes has no association with either measure of density, but from other causes the rate shows an increase at densities over 50 per acre and rises with increasing density per room from 102 at 0O77 per room to 151 at 1-52. At ages 1-5 there is again no evident effect until density per acre exceeds 50, but the rate increases steadily from 93 at 0 77 per room to 174 at 1-52. Mortality from bronchitis and pneumonia at ages under 5 is similarly affected, but the whooping-cough rate is only slightly affected by density of occupation. At the school ages there is little relation with density per acre, but the rate rises with crowding from 91 at 0*92 per room to 119 at 1.52, a range only about NMORTALITY OF CHILDREN AGED [5] [6] [7] [8] [9] [10] [11] [12] [13] [14] [15] . one-third as great as at the pre-school ages. For young women aged 15-25 and 25-45 the phthisis rates are actually highest at low densities per acre, but increase with crowding up to 1*22 per room, though inot beyond; for other causes the rates show little change with density per acre, but increase with crowding from 76 to 110 at ages 15-25 and from 88 to 110 at ages 25-45. For women aged 45-65 there are slight increases with both measures of density, and for persons over 65 the effects have become scarcely appreciable. Puerperal sepsis shows a lower rate at densities over 50 per acre, and declines with increasing crowding from 126 at 0.77 per room to 54 at 1*52.
In this connection it may be noted that Russell [ii] found no correlation (II),' (oJ.
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Section of Epidemiology and State Medicine 1143 between puerperal fever and overcrowding in London in 1911-14, but in Glasgow 1903-13 positive correlations of the order 0.5 were obtained.
(iii) Mortality in England and Wales excluding London is denoted by (b) in Figures 8-19 , and the corrected rates reveal the association with each measure of density when the other measure has been rendered constant. In Table VI it is seen that at each age and for each cause of mortality dealt with the corrected ratios at 5-10 persons per, acre were, if anything, lower than at 0-5 per acre, so the effect of increasing density was not felt below 10 per acre. The corrected ratio for infant mortality from congenital causes shows no association with density per acre, but rises with crowding from 90 at 0O62 per room to 117 at 1'07; for other causes the corrected ratio shows a strong association with both density measures, increasing from 89 to 147 with density per acre, and from 76 to 139 with crowding per room.' At ages 1-5 the ratio increases from 89 at 5-10 per acre to 131 at 30-40, and from 68 at 0O62 per room to 144 at 1-22, indicating that crowding within houses is the more important factor at pre-school ages. This also applies to respiratory diseases at ages under 5, but for whooping-cough density per room is not so important. At the school ages densities over 30 per acre have slightly higher rates, but the range is only from 97 to 119, whereas with crowding the rate rises steadily from 85 to 132. For young women aged 15-25 and 25-45 phthisis is affected by densities over 20 per acre, and to a rather greater extent by crowding per room 2; mortality from other causes is not appreciably affected by density per acre, but rises steadily with crowding from 85 to 140 at ages 15-25 and from 89 to 122 at 25-45. For women aged 45-65 the effects of density by either measure are slight, and for persons over 65 become almost inappreciable. Puerperal sepsis mortality does not increase with density per acre except at 40-50 per acre, but there is a general upward trend with crowding which contrasts strangely with the similar curve for London. Notification rates of puerperal fever and pyrexia combined, based on the number of live births, and computed for the whole country including London, show a positive association with density per acre, but a negative one with crowding per room, as depicted in Figure 20 Proceedings of the Royal Society of Medicine
In Figure 21 the relative effects of density per acre at constant density per room at the successive ages are shown in the portion A, and it is readily seen that at 0-5, 5-10 and 10-20 per acre there is no important association, but at higher densities mortality rises by 10 to 20% at ages between 5 and 65, and by rather more in young children and less in old people. In portion B the effect of density per room at constant density per acre is seen to be that mortality increases by steps in passing from 0 55 to 1-30 per room; the range is greatest at ages 1-5,' diminishes quickly at the school ages, expands again for young adult females and then steadily diminishes with advancing age. Up to middle life the importance of crowding per room as a factor in mortality would appear to be now almost double that of density per acre. This concludes my presentation of the facts. Regarding the practical inferences to be drawn from them there will doubtless be a diversity of opinion, and I would like before concluding to contribute a few personal observations bearing upon their interpretation. The question one would like to be able to answer is, to what extent does the association of mortality with density per room imply that overcrowding per se increases the risk of dying and shortens the expectation of life ? There is undoubtedly a high correlation between the I It may be that iD districts where overcrowding is most severe the relative proportion cf children in overcrowded houses, when compared with better housed areas, is greater than for adults, but if so, this wonld affect all ages tip to 15. Section of Epidemriology and State Medicine 1145 mean crowding index in a district and the proportion of the population living below the poverty line, that is to say, with insufficient income to supply all the necessities of life. In -0-423 ± 0091 When the number of persons per roonm is made constant, the partial correlation between proportion in poverty and infant mortality rate becomes zero (-0'068 ± 0 105), but when the proportion in poverty is made constant the correlation of persons per room with infant mortality becomes 0 323 ± 0 097, which is significant, and when mean income in excess of rent is constant the correlation of persons per room with crude death-rate becomes 0 399 ± 0 -102, also significant.
The index of mean persons per room is highly correlated with the proportion living in poverty, more highly even than the usual index of overcrowding, but it has no negative relation with the average income available for the necessities of life over and above rent.
Sir Llewellyn Smith remarked on page 109 of Volume III: "The result of the arrest of housebuilding and the shortage of houses in recent years has been that many working-class families who in other respects are comparatively well off have been compelled to put up with a degree of crowding which in Charles Booth's time would have been symptomatic of poverty." Farr complained, in the passage I quoted above, that in his day many of them did the same, not from compulsion but from choice.
In spite of the complex relation between the indices of crowding and economic factors, I do not think that more than a part of the explanation of Figure 21B is to be found in economics.
Can the association summarized in Figure 21B be explained by social selection of the people who live at different densities per room, apart from their differing command over food and so forth ? A graded relation of mortality with social class is found when the sections of the population not dealt with in this paper, namely, men aged 15-65, are divided into ilve social groups, the range of variation being greatest at ages 25-45. If we could distribute our unit areas on a scale measuring the proportion, say, of the two lowest social groups in their total populations, we might obtain curves of mortality somewhat similar to those in Figures 13, 15 , 17. This would be partly due to differing occupational risks, but mainly to social selection and the differing environment involved therein. The association of mortality with social selection is believed by some to arise by gravitation of the less fit into the lower grades, and consequently the most crowded houses, owing to inability to earn good wages, but if this were of outstanding importance the divergence of the mortality curves ought, I should think, to increase as age advances, and not as in Figure 21B , diminish. In the New Survey of London it was found that illness or physical incapacity is to-day a quite unimportant cause of poverty, and therefore, it may be presumed, of overcrowding also. I think we might mark out the utmost limits of the contribution of social selection to the dispersion in Figure 21B by drawing straight lines from the points for congenital causes of death in infants to the points for persons over 65. The relative congenital death-rate is probably a fair index of the relative mortality to be expected throughout the early part of life in the stock from which the infants come, given the same environment, and it may be argued that by age 65 environment will have done its worst and that the old-age rates will again measure selection. The range of mortality on the crowding scale is 90-117 for the congenital death-rate and 96-108 for the old-age rate, as may be seen from the right-hand portion of Table VIII . If we so regard the straight lines thus obtained (shown as broken lines in the diagram) the amount of mortality variation within these lines would not be affected by improved housing, but only the variation over and above this, which must be attributed to the environment itself. It is possible to calculate what is the improvement to be anticipated if all the unit areas were so supplied with housing accommodation that their average of crowding was reduced to that of the best group, namely, 0 625 persons per room. I find by such a calculation that if we make in this way the utmost concession to physical selection, a saving of about 9,000 deaths of children under 5 per annum out of 60,000 might be anticipated, with a further saving of about 10,000 at later ages. If, on the other hand, we make no concession to selection and attribute the whole observed variation to the effects of the overcrowding, the annual saving expected on that basis is 15,750 deaths under 5, and 33,000 at later ages.
I have been giving somewhat free play to my statistical imagination in this concluding portion of the paper, but it is at least a safe conclusion that the effects of overcrowding are far and awav most serious at the pre-school ages, and it will be here that we may look for the greatest benefits as a result of housing improvements in the future. Furthermore, if we agree, though it be only in part, with the authors of a recent remarkable paper in the Lancet [14] , any such benefits conferred upon the children, and reflected in their reduced mortality, will not cease when childhood is over, but will continue to show themselves in lower death-rates, which mean also better health, at later ages as those children grow up.
